Introduction
Depression is one of the most prevalent, disabling, and costly mental disorders worldwide. According to recent estimates, the 12-month prevalence rate of depression in Europe is 6.9%, 1 and depression accounts for 33% of the total costs of all brain disorders. 2 Similarly, each year in the UK, an estimated 6% of adults experience an episode of depression, and more than 15% of the population will experience an episode of depression during their lifetime. 3 Depression is managed predominantly in primary care and accounts for 15% of all general practice consultations in the UK. 3, 4 In 2007, the estimated total cost of health care services for depression in England was £1.7 billion, which increased to £7.5 billion when indirect costs associated with lost productivity were included. 5 While high quality care for depression in primary care settings is important to minimize its clinical and economic impact on patients and society as a whole, the identification and treatment of depression in primary care is often suboptimal and has been a target for improvement in recent years.
3,4,6-9 A possible reason for poor detection and/or misdiagnosis of depression is that it often occurs together with pain, with reported co-occurrence rates of 30%-50%. 10, 11 Many patients with depression initially present with painful physical symptoms (PPS) (eg, headache, musculoskeletal pain), but as painful symptoms are not a prominent feature of the diagnostic criteria for depression (DSM-IV or ICD-10), this may negatively affect the recognition of depression in primary care. 10, 12 When the cause of pain is not known (often termed "unexplained pain"), the prevalence of unrecognized mood disorders has been reported to be as high as 80%. 11, 13 This may lead to a delay in the time to diagnosis and treatment of depression in primary care, although evidence of this from longitudinal studies is missing. 13 More severe pain may cause greater delays in depression diagnosis, which can potentially lead to a more severe or chronic form of depression and poorer outcomes for the patient. 10, 14, 15 This, in turn, is likely to have an impact on health care utilization and related costs. There is some evidence that concurrent pain and depression are associated with increased use of health care resources and costs compared with either condition alone. 13, [16] [17] [18] [19] However, there is no information on the economic impact of a longer time to diagnosis of depression among primary care patients with pre-existing PPS.
This study used a retrospective cohort design to assess the impact of pain severity and time to diagnosis of depression on 12-month health care utilization and associated costs before and after diagnosis of depression in UK primary care patients with pre-existing unexplained pain. We also assessed if costs would increase differentially between the two consecutive 12-month time periods post-depression diagnosis.
Material and methods

Data source
Data for this study were obtained from the UK General Practice Research Database (GPRD), which is the world's largest computerized database of anonymized electronic medical records of patients in primary care. 20 The GPRD has records for over 13 million patients from 629 primary care practices throughout the UK, and the records for over 5 million currently registered patients meet the GPRD standards of acceptable quality for use in research, which is equivalent to approximately 8.5% of the UK population. 21 The information collected on the GPRD includes demographics, medical diagnoses, clinical events, medication prescriptions, specialist referrals, hospital admission, and treatment outcomes. Recent systematic reviews have confirmed the validity of medical diagnoses and quality of information on the GPRD. 20, 22 Patients for this study were identified from the GPRD for the 5-year observation period of January 1, 2005 until December 31, 2009.
Study sample
The study population included all patients aged $ 18 years who were ever registered at one of the GP practices in the GPRD during the 5-year observation period and who had unexplained pain followed by a subsequent diagnosis of depression. Only patients with "acceptable quality" data as recorded in the GPRD 21 were included in the study. Firstly, we identified patients with pre-existing unexplained pain, which was defined as PPS without any probable organic cause, based on the Read code classification, which is a system of clinical classification frequently used in the UK National Health Service (NHS). 23 We adapted the Read codes for PPS previously defined elsewhere. 16 Patients with unexplained pain were required to have one or more PPS codes during the observation period, but no other diagnostic code (other than PPS or depression) recorded 90 days on either side of the PPS code. This was to ensure that the PPS diagnosis was not likely to be associated with or attributable to any other comorbid condition during this period. The index date of PPS was the first recorded date of PPS during the observation period. Secondly, we then identified those patients who had a subsequent diagnosis of depression, which was based on the Read codes for this condition as described in a previous study. 24 The full list of Read codes used to identify patients with PPS and depression are available upon request.
For the present analyses, patients were classified into one of four groups based on the severity of their unexplained pain (milder versus more severe) and time to diagnosis of depression (shorter versus longer) following record of pain symptoms as follows: (1) milder pain and shorter time to depression diagnosis; (2) milder pain and longer time to depression diagnosis; (3) more severe pain and shorter time submit your manuscript | www.dovepress.com
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to depression diagnosis; and (4) more severe pain and longer time to depression diagnosis. As there is no record of pain severity available in the GPRD, we defined milder pain as less than three pain relief prescriptions (non-opioid analgesics, opioid analgesics, non-steroidal anti-inflammatory drugs [NSAIDs] , and skeletal muscle relaxants) in the 180 days after the first pain code. More severe pain was defined as at least three pain relief prescriptions plus use of at least one opioid in the 180 days after the first pain code. Patients with at least three pain relief prescriptions and no opioid use were excluded from the analysis in order to have a clear dichotomy between mild and severe pain. The index date for depression was the first recorded date of a definite diagnostic code for depression after unexplained pain was recorded in the GPRD during the study period. Shorter time to depression diagnosis was defined as less than 1 year from the PPS index date, whereas longer time to depression diagnosis was defined as more than 1 year from the PPS index date. The 1-year cut-off was based on the median time to depression diagnosis within our data and on clinical advice, and allowed for groups of approximately equal size. Patients were required to remain in the GPRD for at least 2 years after the diagnosis of depression. The period after diagnosis of depression was examined as two separate but consecutive 12-month periods (POST1 and POST2) in order to examine potential differences in health care utilization and costs during these two time periods as a result of pain severity and time to depression diagnosis from pain symptoms.
The flow chart of patient selection and classification into the four groups is presented in Figure 1 .
Data collection
Following selection of the study sample, data on patient age and gender were collected from the GPRD. In addition, information on comorbid conditions was collected and the Charlson Comorbidity Index (CCI) was calculated. 25, 26 The CCI is a summary measure of index, which represents the 1-year mortality for a patient, based on their history of a range of comorbid conditions. Khan et al 27 previously defined 17 categories of comorbid conditions using Read codes for the calculation of CCI, and we adapted their codes and approach. We first identified any of the records related to the comorbid conditions in the 12-month period before diagnosis of depression (PRE), and then weighted them to produce a summary score. Note: a Patients $18 years old at the beginning of the study, continuously registered with their GP (ie, not transferred to or from another GP practice) and provided "acceptable quality" data. The 613 patients not classified into any of the 4 groups were those who were prescribed ≥3 pain relief prescriptions but had no use of opioids during 180 days after the first pain code, or had opioid use but ,3 pain relief prescriptions. Abbreviation: PPS, painful physical symptoms.
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Health care utilization and unit costs Health care utilization (GP consultations, secondary care referrals, and pharmacotherapy) and the related costs (UK unit costs, 2009 values) 28 were estimated for the 12-month period preceding depression diagnosis (PRE) and for the subsequent two 12-month periods after depression diagnosis (POST1 and POST2). The cost analysis was from the perspective of the UK NHS.
The costs associated with GP consultations were estimated from several major types of GP consultation, including clinical consultations, surgery visits, home visits, and telephone consultations. The list of GP consultations available in the GPRD data were classified into these four types of consultation, and the unit costs for each type of consultation were derived from the Unit Costs of Health and Social Care 2009 (Table 1) . 28 In the present analyses, secondary care referrals consisted of inpatient referrals, day care referrals, outpatient referrals, as well as accident and emergency referrals that did and did not lead to hospital admission. The average costs per episode for each of these different types of secondary care referral were derived from the Unit Costs of Health and Social Care 2009 (Table 1) . 28 Information on prescriptions for medications for pain and depression were collected from the GPRD. This included non-opioid analgesics, opioid analgesics, NSAIDs, skeletal muscle relaxants, antidepressants, anxiolytics/hypnotics, and anticonvulsants. The average number of pain relief prescriptions per patient was determined for each 12-month period. The costs per day of therapy (DOT) of each medication were derived from the IMS PADDS ® database. 29 
Statistical analyses
Descriptive statistics were used to summarize the demographics and pre-index clinical characteristics as well as the health care resource utilization for the 12-month period before depression diagnosis (PRE) for each of the four groups of patients. Comparisons between the four patient groups were made using Chi-square tests or Kruskal-Wallis tests as appropriate. Multivariate analyses were used to estimate the total costs and the costs of each component (GP consultations, secondary care referrals, and pharmacotherapy) in the 12 months before depression diagnosis (PRE) and in the two 12-month periods after depression diagnosis (POST1 and POST2). The models included time period as a main independent variable, adjusting for the following covariates: age, gender, and CCI summary score. All multivariate analyses were carried out using generalized estimating equation models with a loglink function to correct for the skewness of cost data and also take into account correlation within the same subjects across the time periods using AR1 correlation structure. Standard errors of the costs were estimated using the nonparametric bootstrap method. Bootstrap t-tests were used for pairwise cost comparisons (within-group and between-group comparisons).
Data extraction and management were carried out using SAS 9.2 (SAS Institute Inc, Cary, NC), and all costing analyses were conducted using STATA SE 10 (StataCorp LP, College Station, TX).
Results
The mean age of the total study sample of 4000 adults was 48.9 years and 68.2% were female. Table 2 summarizes the characteristics of the total sample and the four patient groups and shows that the demographics (gender, age) differed significantly between the four patient groups. In particular, the two groups of patients with more severe pain were older than the two groups with milder pain and there were fewer females in the more severe group with longer time to depression diagnosis. The mean CCI score for the total sample was 0.12 (standard deviation 0.45) and differed significantly between the four patient groups (P = 0.015), with the highest score in the group with more severe pain and longer time to depression diagnosis (mean CCI = 0.21). For the 17 comorbid conditions included in the CCI, the percentages of patients with these comorbidities at baseline were very low, ranging from 0% for AIDS, metastatic tumor, and moderate liver disease to 3.3% for diabetes in the total sample. There were significant differences between the four patient groups in the frequencies of the following comorbidities: cancer, chronic pulmonary disease, diabetes, renal disease, and rheumatologic disease (P , 0.05, Chi-square test) (data available upon request). Abbreviations: CCi, Charlson Comorbidity index; PRE, the 12-month period before diagnosis of depression; SD, standard deviation. Table 3 provides a descriptive summary of the 12-month resource use before depression diagnosis (PRE) in the four groups of patients. There were significant differences between groups for each of the four types of GP consultation (P , 0.001), with more GP consultations in the two groups with more severe pain. The frequencies of secondary care referrals in the 12 months before depression diagnosis was similar across groups, with the exception of a higher number of accident and emergency visits leading to hospital admission in the group with more severe pain and a longer time to depression diagnosis (P = 0.034). The average number of pain relief prescriptions in the 12-month period before depression diagnosis differed significantly between the four patient groups for each type of medication, and was higher in the two groups with more severe pain, consistent with the definition used ( Table 3) .
Estimates of the 12-month total health care costs (adjusted) for each of the four groups of patients before (PRE) and after depression diagnosis (POST1 and POST2) are shown in Table 4 . The total costs were higher for the two groups with more severe pain compared with the two groups with milder pain (P , 0.001 for all pairwise comparisons). The pattern remained largely similar even when the total costs were estimated without drug costs. Patients with more severe pain and longer time to depression diagnosis had the highest annual total costs both before (£925 at PRE) and after diagnosis of depression (£933 at POST1 and £988 at POST2). When the two groups with more severe pain were compared, those with a longer time to depression diagnosis had higher 12-month total costs after depression diagnosis (POST1 and POST2) compared with those who had a shorter time to depression diagnosis (P , 0.05). Likewise, pairwise comparisons between the two groups with milder pain showed that those with a longer time to depression diagnosis had higher total costs at POST1 than those with a shorter time to depression diagnosis (P , 0.05); cost comparisons at the other time points were not significant.
The mean 12-month cost estimates of the various cost components (GP consultations, secondary care referrals, and pharmacotherapy) for the four groups of patients before and after depression diagnosis are presented in Figure 2 . Total GP consultation costs (Figure 2A) were the largest cost component and were highest both before and after depression diagnosis in the group with more severe pain and longer time to depression diagnosis (P , 0.001 versus the other three groups). Secondary care referral costs ( Figure 2B Notes: Bold indicates statistical significance (P , 0.05) for between-group comparisons using the Kruskal-Wallis test for GP consultations and pain-relief prescriptions and the Chi-square test for secondary care referrals. Non-opioid combinations include those prescriptions that had more than one active ingredient which were all non-opioid. Opioid combinations included those prescriptions with more than one active ingredient that included at least one ingredient of opioid. Abbreviations: A&E, accident and emergency; GP, general practitioner; MAOI, monoamine oxidase inhibitor; NSAID, non-steroidal anti-inflammatory drug; PRE, the 12-month period before diagnosis of depression; SD, standard deviation; SNRi, serotonin norepinephrine reuptake inhibitor; SSRi, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.
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Dovepress Dovepress
group with more severe pain and longer time to depression diagnosis (P , 0.05 versus the other three groups at POST2). Mean total drug costs per year ( Figure 2C ) were higher in the group with more severe pain and longer time to depression diagnosis compared with the two groups with milder pain (P , 0.001 for all pairwise comparisons), but were similar to the group with more severe pain and shorter time to depression diagnosis. Annual total drug costs were similar before and in the two years after depression diagnosis in all four patient groups.
There was no clear pattern of results when assessing 12-month costs over the PRE, POST1, and POST2 periods within each group. Neither patients with more severe pain nor those with a longer time to depression diagnosis demonstrated consistent increased costs at POST1.
Discussion
In this study, we identified primary care patients in the UK GPRD who had unexplained pain and a subsequent diagnosis of depression and estimated their annual health care utilization costs in the year before depression diagnosis and in the first 2 years after depression diagnosis. Our findings show that unexplained pain and depression impose a significant economic burden on the UK health care system.
Patients with more severe pain (based on prescription of at least three pain relief medications plus opioid use) and a longer time to depression diagnosis after identification of pain symptoms had higher total costs than those in the other three groups. More severe pain was the main factor driving costs; the two groups with more severe pain had higher annual costs in the year before and in each of the 2 years after depression diagnosis than the two groups with milder pain, after adjusting for age, sex, and CCI scores. Furthermore, comparisons between the two groups of patients with more severe pain showed that those with a longer time to depression diagnosis had higher annual total costs in the 2 years after depression diagnosis than those with a shorter time to depression diagnosis. However, a longer time to depression diagnosis was not associated with higher total costs among patients with milder pain except in the first year after depression diagnosis.
Several previous studies have shown that comorbid pain and depression is associated with increased use of health care services. 13, [16] [17] [18] [19] In a GPRD study of adults with depression, 66% of patients also had codes for PPS, and patients with depression and concurrent pain had higher health care resource use (GP consultations, secondary care referrals, and drug use) than those with no pain. 16 No previous studies have examined the impact of pain and depression on health care costs in the same way as our analysis. All patients in our study had a diagnosis of depression subsequent to a diagnosis of pain and we did not examine the health care costs associated with either condition alone. In a previous population-based study in Sweden, the average total health care costs (primary health care costs, hospital costs, and drug costs) per patient were higher for those with a diagnosis of both depression and back pain (SEK 46,909), compared with patients with a depression diagnosis (SEK 36,904) or a diagnosis of back pain (SEK 26,152). 30 Comorbidity of depression and pain had a negative interaction effect on health care costs, such that the costs were less than additive. 30 This negative interaction effect was largely related to lower hospital care costs, while there was actually an increase in the number of general practitioner visits among patients with both conditions. 30 Primary care consultations were the largest cost component in our study and were highest in the group with more severe pain and a longer time to depression diagnosis. This group also had higher costs due to pain relief prescriptions submit your manuscript | www.dovepress.com
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PPS and depression appear to be closely linked, but the relationship is complex and not yet fully understood: depression may be both a cause and a consequence of PPS. 10, 11, 31 Moreover, when pain and depression are both present, they impact on each other, 11, 32 which may reflect common underlying neurobiological mechanisms. 10, 33 However, it has been estimated that about half of all patients with depression may go undiagnosed because they present with somatic or physical symptoms. 31 Primary care physicians often fail to look for symptoms of depression in patients presenting with pain despite reports that about 50%-80% of patients with depression initially have somatic symptoms including PPS, 34, 35 and that there is an increased risk of depression in patients presenting with pain. 36 Particular attention should be given to unexplained pain as it is associated with increased depression comorbidity and poorer outcomes. 33 A recent study in primary care found that 80% of patients presenting with unexplained chronic pain had an undiagnosed depression or anxiety disorder. 13 Although medication for pain may be initiated, delayed recognition of depression and initiation of antidepressant treatment may negatively affect the course and severity of illness and result in poorer treatment outcomes. These results highlight the need for education on the role of pain and unexplained painful symptoms in depression for primary care providers.
Our study is the first to examine the economic impact of pain severity and time to depression diagnosis in patients presenting initially with pain. Previous studies have found that moderate to severe pain is common in patients with depression. 31, 37 More severe pain has been associated with more severe depression, 38 a worse course of depression, 10, 39 a lower likelihood of or longer time to response or remission, 15, 40, 41 a poorer health-related quality of life, 14 and increased health care utilization. 10 Recent data extracted from the GPRD has shown greater health service use and costs in patients with non-remission of depression compared with those who achieve remission (defined as successful cessation of antidepressant treatment for at least 6 months). 42 We included a large sample of patients from the GPRD, which is representative of the UK population, and for which data are recorded during the consultation. Also, we included only data from general practices that were considered to be of a suitable standard by the GPRD. Moreover, when estimating costs, we controlled for patient demographics and comorbidities. This is important because recent data from the GPRD had shown that the incidence of depression varies according to age and sex. 43 Chronic medical illnesses (eg, osteoarthritis, rheumatoid arthritis, diabetes, coronary (A) total GP costs, (B) total referral costs, and (C) total drug costs. Note: The sum of these cost component estimates is not exactly the same as the total cost estimates presented in Table 4 but is consistent with the total cost estimates. Abbreviations: CI, confidence interval; GP, general practitioner; POST1, the first 12-month period following diagnosis of depression; POST2, the 12-month period after POST1; PRE, the 12-month period before diagnosis of depression. and to secondary care referrals in year two after depression diagnosis. Our findings suggest that there may be potential cost savings for the UK NHS with earlier diagnosis of depression in patients presenting with more severe unexplained pain.
artery disease, congestive heart failure, asthma, and COPD) are common comorbidities in patients with depression and pain. 44, 45 However, the CCI score for the primary care patients with pain and depression in the present study was very low, indicating that they have a low risk of mortality as a result of their comorbid diseases. 27 The low prevalence of comorbidities at baseline resulted from the exclusion of patients with any diagnoses (other than depression) recorded 90 days on either side of the first pain code. Because we selected patients without any comorbid diagnosis to ensure that the unexplained pain was not due to any other medical conditions, the costs in our study may be underestimated. It is likely that patients with depression and pain with comorbid conditions would have higher medical costs.
There are some limitations that need to be considered when interpreting the results. First, selection of patients was based on diagnostic Read codes and we do not know whether the episode of depression identified by the diagnostic code was related to the pain identified by the pain code. Previous research has indicated that the relationship between pain and depression is bidirectional, 11 but our study can provide no information on cause and effect relationships. Second, the dates of diagnosis of pain and depression were based on the first recorded diagnostic codes for PPS and depression during the 5-year study period. Although the validity of the medical diagnoses in the GPRD has been confirmed, 20, 22 we did find considerable antidepressant use in the 12 months prior to depression diagnosis which tends to blur the diagnostic picture. This may account for the smaller than expected differences within groups over the time periods (especially PRE vs POST1). However, the statistically significant difference in health care costs between the groups at each time period remains a robust finding. Moreover, a register-based study in Sweden found that almost 30% of patients with a depression diagnosis were treated with antidepressants during the year before diagnosis. 46 There may be considerable variation among GPs in the specific diagnostic codes used for recording depression and in the date of entry of a diagnostic code. Thus, we used a large number of diagnostic Read codes for depression, covering a wide range of depression disorders. This lack of standardization of diagnostic codes can cause problems of interpretation between comparison groups, but the sample size within each group is sufficiently large to be valid. We were restricted to capturing the record of depression diagnosis rather than when the depression episode occurred in relation to the pain symptoms. In addition, severity of depression was not reliably available in the GPRD and, therefore, the cut-off for differentiating between a longer and shorter time to depression diagnosis was chosen as 1 year. Another cut-off time period may have produced different results. The 1-year cut-off was not based on any standardized reference as information on average time from presentation of PPS to depression diagnosis is not available. The cut-off time was based on the median time to depression diagnosis within our data and on clinical opinion that the cut-off should be long enough for PPS unrelated to depression to resolve spontaneously, such that we would expect unrelated PPS to resolve within less than 1 year, whereas PPS lasting for more than 1 year would be a more chronic condition and have implications for NHS health care costs. Additionally, using the 1-year cut-off allowed groups of approximately equal sizes. Third, pain severity was classified indirectly, based on the number of pain relief prescriptions, and did not take into account the use of over-the-counter (OTC) drugs. Therefore, patients who exclusively used OTC pain relief were excluded from the study; such patients are likely to have milder pain. Patients in the milder pain group may have used more than three pain relief medications due to the possible use of OTC drugs in addition to prescribed pain medication. Patients with more severe pain are less likely to use OTC drugs and we consider that patients with at least three pain relief prescriptions can be regarded as having more severe pain. Excluding those with OTC drug use/milder pain from the mild pain groups has potentially increased mean resource use, strengthening the betweengroup differences identified. Moreover, patients in the more severe pain group were required to be prescribed at least one opioid analgesic. It is important to note that the data reflects the prescription of medication and not the dispensing or taking of the medication. Fourth, it is possible that those with unexplained pain may have received a diagnosis outside of the 90 days on either side of the pain symptom record to account for their pain. This is a more conservative approach than has been used previously (30 days on either side of the pain symptom) 16 to limit misclassification and results in a relatively small sample size which does not reflect the prevalence of PPS in patients receiving a depression diagnosis. By eliminating patients with comorbidities in this way in order to have confidence that the recorded pain was not related to an explainable cause, we may have eliminated patients with more severe or more chronic depression, thus underestimating costs. More accurate data collection would be achieved if there was a diagnostic code that is uniformly used to record unexplained pain. Finally, we analyzed only direct medical costs for the UK NHS and did not consider submit your manuscript | www.dovepress.com Dovepress Dovepress other costs (eg, costs of OTC drugs), or indirect costs, such as costs due to lost productivity, which are a major component of the total cost of depression.
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Conclusion
Our results show that UK primary care patients with more severe pre-existing unexplained pain and a subsequent diagnosis of depression have greater health care service costs, especially drug costs, than patients with milder pain. Pain (particularly more severe pain) in combination with longer time from pain symptoms to depression diagnosis contribute to higher overall costs for the UK health care system compared to a shorter time to depression diagnosis. Our findings suggest that earlier diagnosis of depression in primary care patients presenting with unexplained pain may lead to health care cost savings.
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